In this study, we examine the relationship between C5a and activation of cysteine aspartic acid protease 8 (caspase 8) in human umbilical vein endothelial cells (HUVEC). Materials or subjects: Primary cultures of HUVEC were used. Treatments: Recombinant human C5a (50 ng/ml) was used in the presence or absence of 10 µg/ml cycloheximide (CHX). Methods: HUVEC were treated with C5a alone and in the presence of CHX, then monitored for cell viability, poly-ADP-ribose 1 (PARP-1) and caspase 8 activities. Gene and protein expressions were assessed for caspase 8 and the caspase 8 homologue, FLICE -inhibitory protein (cFLIP). Results: We found a 43.1 ± 6.9 percent reduction in viability of HUVEC stimulated for 18 h with 50 ng/ml C5a in the presence of 10 µg/ml CHX (p < 0.05). In contrast, the cell viability of cells stimulated for 18 h with 50 ng/ml C5a or 10 µg/ml CHX alone was not significantly different compared to the non-stimulated control. Treatment of HUVEC with C5a induced an increase in caspase 8 activity but did not significantly affect cFLIP levels. Conclusions: These data suggest caspase 8 activation induced by C5a leads to cell death if protein synthesis of antiapoptotic protein(s) is blocked.
Introduction
The endothelium plays an important role in inflammatory syndromes, such as sepsis and artherosclerosis [1, 2, 3, 4, 5] . In the case of sepsis, high levels of pro-inflammatory mediators (C5a, TNFa, LPS, IL6, and FasL) are produced and can be linked to altered apoptotic cell death. Although research has focused on myeloid cells (e.g., neutrophils, lymphocyte, macrophages), recent reports suggest that non-myeloid cells play an important role during inflammatory syndromes. For example, apoptosis of endothelial cells has been reported in regions of atherosclerotic plaques, suggesting endothelial cells are capable of apoptosis under specific stimuli [6] . Other studies have found elevated levels of shed apoptotic endothelial cells or endothelial cell microparticles in the sera of septic and multiple sclerosis patients [7, 8] .
Primary cell culture studies have shown that endothelial cells are resistant to cell death when stimulated with TNFa, IL-1 or LPS [9, 10, 11, 12] . This resistance has been attributed to cyto-protective proteins, which modulate apoptotic reactions at proximal (e.g. cFLIP), intermediate (e.g., Bcl-2, Bcl-x), and distal (e.g. BIRC2, TNFAIP3) apoptotic cascade locations. This has been supported with cecal ligation and puncture (CLP) models showing endothelial apoptosis corresponds to suppressed levels of Bcl-2 [13] . The protein cFLIP has received attention because of its upstream inhibition of apoptosis. Although the mechanism by which cFLIP attenuates cell death has not been fully elucidated, it has been suggested that cFLIP acts as a competitive inhibitor to caspase 8 by blocking caspase 8 binding to the death induced signaling complex (DISC) [14] . This is supported by other reports suggesting that cFLIP is cleaved into a p43 subunit that attaches to DISC, preventing the processing of caspase 8 into its active form [15, 16] . Overall, this action results in a reduction of the long or "inactive" form of cFLIP. However, several cell types (HUVEC, human aortic endothelial cells, HL60, Jurkat) stimulated by either TNFa, FasL, or LPS initiate activation of MAP kinase 1 (MEK1), phosphatidylinositol 3-kinase/Akt, and NFκB pathways, resulting in gene transcription and protein synthesis of cFLIP so that cytosolic levels remain constant [17, 18, 19] . It appears that maintaining cytosolic levels of cFLIP, along with other anti-apoptotic proteins, is important for endothelial cell survival after exposure to apoptosis inducing agents.
There is increasing evidence that anaphylatoxins (C5a, C3a) promote pro-inflammatory conditions contributing to altered cellular apoptosis [20, 21, 22, 23] . C5a is known as a potent stimulus, inducing chemotaxis, release of granules, and the generation of reactive oxygen species from phagocytic cells. Yet, recent studies have suggested that C5a plays a role in the apoptotic process during systemic inflammatory conditions. C5a is thought to have an anti-apoptotic effect on neutrophils, during sepsis. Studies suggest that the ligation of C5aR (CD88) activates PI-3K and MAPK survival signaling pathways in neutrophils, thus suppressing the apoptotic response [23] . Expression of C5aR was initially thought to be restricted to monocytes/macrophages and polymorphonuclear cells, but it now appears to include several other cell types, including endothelial cells [24, 25, 26] . The actions of C5a-C5aR in non-myeloid cells in vivo are less clear. Although, it has been demonstrated that C5a produces robust gene expression response in human umbilical vein endothelial cells (HUVEC), including genes associated with cell adherence (E-selectin, ICAM-1, VCAM-1), chemokines (IL-1, IL-6), growth factors (e.g. VEGF, PDGF), and apoptosis (caspase 3, caspase 8, cFLIP) [27] .
For this study we chose to investigate the relationship between C5a induced stimulation of HUVEC and activation of caspase-8 and cFLIP. Our data suggest that C5a stimulation alone did not significantly affect cell viability compared to non-stimulated controls. However, preincubation of cells with cycloheximide (CHX) followed by C5a stimulation significantly reduced cell viability. In addition, we found caspase 8 activity increased after C5a stimulation, which coincided with reduced cytosolic levels of cFLIP.
Material and Methods

Endothelial Cell Culture
Primary HUVEC were isolated and plated in T-75 flasks coated with 1% gelatin (Sigma, St. Louis, MO). Cells were cultured in medium 199 (Gibco BRL, Grand Island, NY) containing endothelial growth supplement (Sigma, St. Louis, MO), 20 % fetal bovine calf serum (Hyclone, Logan, UT), 5 % penicillin/streptomycin (Gibco BRL, Grand Island, NY) and 25 µg/ml heparin (Sigma, St. Louis, MO). All experiments were performed using the first 3-4 cell passages. A CHX pre-incubation period of 30 min was used for experimental conditions where CHX and C5a were used in combination.
Cell Viability Assay
HUVEC were plated into 12 well plates at 1 x 10 5 cells/well and allowed to attach for 24 h. Prior to experimentation, media was removed and replaced with 0.5 ml of fresh media. Confluent, HUVEC were stimulated with C5a (50 ng/ml), C5a (50 ng/ml) with CHX (10 µg/ml). Controls included non-stimulated cells and cells incubated with CHX (10 µg/ ml) for 18 h. After 18 h, the media was removed, replaced with 0.5 ml fresh media. Next, 100 µl of CellTiter 96 ® AQ ueous One Solution Reagent (Promega, Madison, WI) was added to each well, incubated at 37 ºC for 2 h, then read at 490 nm.
Caspase-8 Activity Assay
Caspase-8 activity was detected using a caspase-8 fluorescent assay kit (BD Bioscience, Palo Alto, CA). HUVEC were plated into 12 well plates at 1 x 10 5 cells/well and allowed to attach for 24 h at 37 ºC prior to experimentation. Cell supernatant fluids were removed and replaced with 0.5 ml of fresh medium then stimulated with C5a (50 ng/ml) alone or with CHX (10 µg/ml) for 18 h. Controls included non-stimulated cells and cells incubated with CHX (10 µg/ml) alone for 18 h. After stimulation, the cells were washed with 37 ºC HBSS, lysed with lysis buffer (BD biosciences, San Jose, CA) and incubated on ice for 10 min. Cell lysates were centrifuge at 10000 rpm for 3 min and 250 µl of the supernatant was added to 250 µl of reaction buffer containing 25 µl of Caspase-8 substrate. This solution was incubated for 1 h and 30 min atºC, then read in a microplate reader with a 400 nm excitation and 550 emission filter. Quantitation of sample was performed as described in the kit protocol, using a 7-amino-4-trifluoromethyl coumarin (AFC) standard curve. Samples were normalized by calculating the relative fluorescent units per microgram of protein (RUF/µg).
RT-PCR
HUVEC were stimulated with C5a alone or in the presence of CHX for 0, 4, and 8 h. CHX control involved incubating HUVEC with CHX for 8 h. One microgram total RNA was reversed transcribed with superscript reverse transcriptase (Invitrogen, Carlsbad, CA) using random and poly dT primers for first-strand cDNA synthesis. This was repeated for each timepoint. Primers for each gene of interest were designed using Primer Select software and included: cFLIP: forward primer, 5'-GGGGACTTGGCTGAACTGCTCTA-3', reverse primer, 5'-AAATCCTCACCAATCTCTGCCATCA-3'; Caspase-8: forward primer, 5'-CACTAGAAAGGAGGAGATGGAAAG-3', reverse primer, 5' CTATCCTGTTCTCTTGGAGAGTCC-3'; GAPDH: forward primer, 5'-CGGAGTCAACGGATTTGGTCGTAT-3', reverse primer, 5'-AGCCTTCTCCATGGTGGTGAAGA-3'. Polymerase Chain Reactions (PCR) were run on Gene Amp PCR system 9700 (Applied Biosystems, Foster City, CA) using a "hot start" method with the following conditions: 94 ºC for 5 min, 94 ºC for 1 min, 60-65 ºC for 1 min, 72 ºC for 1 min, 72 ºC for 10 min. GAPDH reaction mixture was run for 26, 28, and 35 cycles to ensure that the reaction product was in the linear range. PCR products were examined in 1 % agarose gel. The RT product volumes were readjusted and the reaction was repeated with GAPDH primers at 28 cycles. After RT product adjustment, the selected gene primers were amplified with 28 and 35 cycles, and then examined by agarose gel electrophoresis to confirm product size.
Western Blots
To examine the ability of C5a to induce proteins in HUVEC, we employed Western-blotting techniques. HUVEC were grown to confluence, then stimulated with human C5a (50 ng/ml) in the presence or absence of CHX (10 µg/ml) at 37 ºC for 2, 8 or 18 h. After stimulation, the supernatant fluids were removed and the monolayer was washed twice with PBS. Monolayers were then placed on ice and lysed using NP40 buffer (50 mM Tris-HCl pH 8.0, 1 % NP40) containing protease inhibitors (Roche, Mannheim, Germany). The lysate was then collected with sterile cell scrapers and sonicated. The resulting cell lysate was centrifuged at 13,500x g for 10 min and the supernatant fluid removed. This was repeated for each time point. The protein concentrations were estimated using a BioRad protein colorimetric assay. The standardized supernatants were combined with sample buffer, sterile glycerol and stored at -80 °°C. The cell lysates were subjected to 10 and 15 % sodium dodecyl sulfate poly acrylamide gel electrophoresis (SDS-PAGE) and transferred to methanol activated PVDF membranes. The membranes were blocked for 1 h with 5 % non-fat dry milk dissolved in TBST ( mouse antibodies (Cell Signaling Technology, Danvers, MA) which detected both the inactive (55 kDa) and active (p41/43 kDa) fragments or anti-mouse antibodies which detect only the inactive form of caspase 8 (NeoMarkers, Fremont, CA). After an overnight incubation at 4 °°C, the membranes were washed thrice with TBST and incubated with their respective secondary anti-rabbit or anti-mouse antibodies coupled to horseradish peroxidase for 2 h at room temperature. The membranes were then washed twice with TBST followed by an additional wash with TBS. The immunoreactive bands were visualized using enhanced chemiluminescence (ECL) Western blotting detection agents according to manufacturer's directions.
Statistical Analysis
Statistical analysis of the responses obtained from cell viability and caspase 8 activity were carried out using unpaired student t test and InStat 3 (Graphpad, San Diego, CA) software. P values of < 0.05 were considered to be significant.
Results
C5a promotes cell death in HUVEC when in the presence of cycloheximide
Several apoptotic (e.g., caspase 3, NFKB1, caspase 8) and anti-apoptotic genes (e.g., BIRC3, TNFAIP3, cFLIP) are induced in HUVEC when stimulated by C5a [27] . With this in mind, we chose to examine more closely the ability of C5a to induce an apoptotic response in HUVEC. To do this, we used CHX, a known inhibitor of protein synthesis. We tested the cytotoxicity of CHX on endothelial cells (data not shown) and determined a CHX concentration of 10 µg/ml would be used for the duration of the study. In addition, we used a C5a concentration of 50 ng/ml, based on data from our previous study [27] . HUVEC stimulated with 50 ng/ ml C5a or 10 µg/ml CHX for 18 h maintained cell viability of 95.7 ± 0.49 and 90.7 ± 6.2 %, respectably. These results were not significantly different compared to the non-stimulated control (Fig. 1A and  B) . In contrast, cells stimulated with C5a in the presence of CHX showed a significant reduction (43.1 ± 6.9 %) in cell viability compared to non-stimulated cells. This result is complemented by brightfield images (Fig. 1B) , where cells stimulated with C5a in the presence of CHX displayed apoptotic morphology (e.g., cell rounding) (frame 1d). Cells stimulated with C5a (frame b) or CHX alone (frame c) maintained cobble-stone appearances, similar to the non-stimulated cells (frame a). Next, we subjected HUVEC to increasing concentrations of C5a (1-100 ng/ml) for 18 h in the presence of CHX (10 µg/ml). Figure 1C shows the dose dependant loss of cell viability in HUVEC.
PARP-1 protein levels are rapidly decreased in response to C5a and CHX, while caspase 8 activity increases
The loss of cell viability when HUVEC are co-incubated with C5a and CHX, suggests initiation of apoptotic cascades, which are usually e constrained by anti-apoptotic proteins. To examine this possibility, we monitored caspase 8 A) MTS assay for cell viability. Cells were treated with C5a (50 ng/ ml), CHX (10 µg/ml), or C5a (50 ng/ml) plus CHX (10 µg/ml) for 18 h. *P < 0.05 vs. C5a treated. B) Brightfield images, 200X magnification: a) non-stimulated control b) CHX (10 µg/ml) 18 h c) C5a (50 ng/ml), 18 h d) C5a (50 ng/ml) with CHX (10 µg/ml), 18 h. Percentage of viability was expressed as the proportion of untreated cells. C) Dose dependent response with MTS assay. Cells were stimulated with C5a (1-100 ng/ml) for 18 h in the presence of CHX (10 µg/ml). *P < 0.05 vs. control conditions (CHX 10 µg/ml); **P < 0.01 vs. control conditions (CHX 10 µg/ ml). The results shown are the mean ± S.E. of experiments done in triplicate and are representative of three separate experiments. enzymatic activity and PARP-1 protein levels under similar experimental conditions. Caspase-8 serves as an upstream apoptotic initiator in the CD95/Fas and TNFa pathways. Accordingly, it is possible under the experimental conditions that C5a initiates apoptotic cascade(s). PARP-1, a regulator of DNA repair, was selected as a complementary marker of apoptosis [28] . Western blot analysis was used to examine full length PARP-1 levels, with the antibody which was specific for the full length form of PARP-1. Cell lysates were collected 0, 2, 8 and 18 h after C5a addition, in the presence or absence of CHX (Fig. 2) . PARP-1 levels remained constant after stimulation with C5a alone ( Fig. 2A upper frame) . In contrast, cells stimulated with C5a and CHX showed reductions in or loss of PARP-1 at all timepoints, while treatment of cells with CHX alone still resulted in the presence of PARP-1. Next, we measured caspase-8 activity in HUVEC using 7-amino-4-trifluoromethyl coumarin (AFC) under the same experimental conditions. The active form of caspase 8 targets the AFC complex, so that caspase activity may be measured by fluorescent emission. Cell lysates were collected after 18 h and assayed for the active fragment (p41/43) of caspase 8 (Fig. 2B) . Non-stimulated HUVEC demonstrated a low level of caspase 8 activity (6.3 ± 2.9 RFU/µg). Cells stimulated with C5a for 18 h produced 18.3 ± 0.9 RFU/µg of protein, compared to 10.3 ± 1.7 RFU/µg for cells stimulated with C5a and CHX. This data suggests that C5a induces caspase 8 activity in HUVEC, but does not result in PARP cleavage. Although cells stimulated with CHX alone or in combination with C5a showed elevated levels of caspase 8 activity, they were not significant compared to the non-stimulated control.
C5a induces increase in gene expression of caspase 8 and cFLIP
The influence of C5a on the gene expression of caspase-8 and cFLIP was assessed. We wanted to determine if the elevated caspase-8 activity observed in Figure 2B was linked with increased caspase-8 gene expression. In addition, we monitored the gene expression of cFLIP, which has been identified as a competitive inhibitor for caspase-8. We predicted that changes in caspase-8 gene expression would correspond to similar changes in cFLIP gene expression. As depicted in Figure 3A , caspase-8 gene expression increased 4 and 8 h after C5a stimulation. The gene expression for cFLIP was unchanged after 4 h, but dramatically increased after 8 h of C5a stimulation. Cells stimulated with C5a in the presence of CHX demonstrated a robust increase in caspase-8 gene expression after 4 and 8 h (Fig. 3B) . Interestingly, cells treated with C5a and CHX had a greater increase in caspase-8 gene expression at 4 h compared to those stimulated with C5a alone. In contrast, C5a and CHX treated cells showed limited increase in cFLIP gene expression at 8 h. This suggests that C5a induces caspase-8 gene more rapidly than cFLIP, but cFLIP gene expression is moderately repressed in the presences of CHX. Basal gene expression levels of cFLIP were unchanged by CHX alone.
C5a promotes activation of caspase-8 and cFLIP
We investigated the activity of caspase-8 and its known competitive inhibitor, cFLIP, after cell stimulation with C5a. To better understand the apoptotic response elicited by C5a, we collected cell lysates after 18 h incubation with C5a (50 ng/ ml) in the presence or absence of CHX (10 µg/ml). We selected antibodies which recognized only the inactive (long) form of cFLIP so that we could monitor the loss of the pro- C5a stimulation of HUVEC initiates apoptotic pathway activity. A) Western blots for protein expression of PARP. Cell lysates were collected after 2, 8, 18 h following stimulation with C5a (50 ng/ml) alone or with C5a (50 ng/ml) and CHX (10 µg/ml). Control lysates were collected from cells without C5a stimulation (Non-stimulated). Loading conditions were confirmed by b-tubulin content. B) Caspase-8 activity assay. Cell lysates are collected after 18 h and analyzed for Caspase-8 activity following stimulation with C5a (50 ng/ml) alone or with C5a (50 ng/ml) and CHX (10 µg/ml). Control lysates were from cells without C5a stimulation (Non-stimulated) and cell stimulated with CHX (10 µg/ml) for 18 h. *P < 0.05 vs.C5a; **P < 0.05 vs. Non Stimulated. Data are ± S.E. of three separate experiments. forms more closely ( Fig. 4A and B) . Controls included cells treated with CHX alone for 18 h and nonstimulated cells (Fig.  4A ). Cell stimulation with C5a promoted a slight loss of full length cFLIP (Fig. 4B ) compared to non-stimulated controls. HUVEC stimulated with C5a and CHX demonstrated a nearly total loss of cFLIP after 18 h. To monitor changes in the cytosolic levels of caspase 8, we utilized an antibody that recognizes the inactive (55 kDa) and active (p41/p43) fragments of caspase 8. HUVEC stimulated with C5a alone showed slight increase in the precursor form, correlating with increased levels of "active" p41/p43 fragments. This caspase activation complemented the AFC assay data ( Fig  2B) showing increased caspase activation after 18 h of C5a and CHX stimulation. To follow the relationship between cFLIP and caspase 8 activation over time, cell lysates were collected following 2, 8, and 18 h after stimulation with C5a (50 ng/ml). First, we utilized antibodies that recognize proforms (inactive) and fragmented (active) forms of caspase 8 and cFLIP, to determine if C5a stimulation co-activated both caspase 8 and cFLIP. HUVEC stimulated with C5a showed a progressive increase in the active caspase 8 fragment (p41/43 kDa) (Fig. 5 ). In addition, there was a clear increase in the pro-form of caspase 8, especially at 8 and 18 h. Thus, it appears, that C5a induced gene activation, (described in Figure  3A ), leads to increased caspase 8 production and activation. Similarly, C5a stimulation initiated cFLIP cleavage, which increased the 43 kDa active fragment levels over time. This suggests that C5a stimulation promotes caspase 8 and cFLIP activation (cleavage) events.
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Discussion
During an inflammatory response, escalating levels of proinflammatory mediators such as IL-1, IL-6, TNFa, and C5a interact with endothelial cells, causing robust gene activation and the initiation of apoptotic intracellular signaling. Although early classification of an apoptotic state involves increased caspase 8 activity, other indicators such as external expression of phosphatidylserine or mitochondrial damage may be used to fully characterize an apoptotic state. Several reports have shown that endothelial cells are resilient to apoptosis induced by IL-6, LPS and TNFa unless the cells are also co-incubated with either cycloheximide or actinomycin D [29, 30, 31, 32] . But the relationship between C5a receptor ligation and the initiation of apoptotic cascades is less clear. Thus, we chose to investigate the relationship between C5a receptor ligation on endothelial cells and the activation of caspase 8 and cFLIP. HUVEC were stimulated with 50 ng/ml of C5a, based on an earlier study demonstrating that this concentration provided optimal transcription that could not be attributed to contaminating LPS [33] . The present study provides evidence that C5a in the presence of CHX, much like other potent inflammatory mediators, reduces cell viability. Figure 1 shows the phenotypic morphology and dose dependent relationship between cell viability and C5a concentration. After 18 h, C5a in the presence of CHX caused a significant reduction in cell viability (Fig. 1A) . In addition, the dose dependent relationship between C5a and cell death suggested that C5a may be activating apoptotic signaling cascades. To examine this, we assayed the activity of early and late enzymes of apoptosis (caspase 8 and PARP-1). We found endothelial cells stimulated with C5a/CHX rapidly lost full length PARP-1 after 2 h, while PARP-1 level of cells stimulated with C5a alone remained unchanged ( Fig. 2A) , suggesting that upstream inhibition of apoptotic signaling may be occurring, but not leading to DNA damage unless anti-apoptotic mechanisms are inhibited. To determine if caspase activity was present, we stimulated the endothelial cells with C5a alone and with C5a in the presence of CHX for 18 h then assay caspase 8 activity using an AFC fluorescent probe. We predicted that suppression of anti-apoptotic protein synthesis by CHX would cause elevated levels of caspase activity. Our results showed an increase in caspase activity for both C5a treated and CHX/C5a treated cells. We found the caspase 8 activity of cells stimulated with C5a alone, was higher than C5a/ CHX stimulated cells. This may represent the decrease in viability indicated in figure 1 , thus as cells quickly progress toward complete cell death the activities of the caspase begin to decline. In contrast, C5a alone stimulation does not induce down stream apoptotic responses and continued apoptotic progression allowing for an extended elevation of caspase activity. The CHX control (Fig. 2B) showed increase caspase activity compared to the non-stimulated control, suggesting that CHX does contribute to caspase 8 activation and can be cytotoxic to HUVEC, even at low concentrations.
Next, we wanted to determine if C5a stimulation of HU-VEC induces the activation of the key upstream apoptotic modulators, caspase 8 and cFLIP. Changes in gene activation of cFLIP suggest that C5a is activating apoptotic signaling in a caspase dependent manner. More recent studies have suggested that caspase activity and their corresponding inhibitors have non death functions [34, 35] . For example, caspase-8 has been shown to be involved in T-cell proliferation. This function appears to be dependent on the intracellular location of the active caspase 8 molecule. Thus, caspase activity resulting from endothelial C5aR ligation, may also include non-death associated functions.
We found an increase in caspase 8 for cells stimulated with C5a alone and in the presence of CHX (Fig 3) . The gene expression of caspase 8 increased after 4 h and continued through 8 h. Similarly, C5a and C5a /CHX elevated the gene expression of cFLIP after 8 h of stimulation. The time course of gene activation show that caspase 8 and cFLIP gene expression are staggered, with changes in cFLIP activation lagging behind caspase 8. Thus, the consumption of caspase 8 and cFLIP may include signals to replace or elevate cytosolic protein levels of these apoptotic proteins. Several studies have demonstrated that endothelial cells exposed to TNF-a, or Fas-ligand initiate survival pathways involving NF-kB and phosphatidylinositol 3-Kinase/Akt [17, 18, 19] . Each pathway has been implicated in controlling cFLIP levels, and critical for endothelial cell survival. C5a, like other inflammatory mediators, may induce similar responses in endothelial cells. Evidence for this comes from our previous study, were we found that C5a stimulated HUVEC displayed robust gene activation, including NF-kB and NF-kBIA [27] . Complementary to this, Schraufstatter et al., reported that C5a receptors expressed on HUVEC are capable of activating EGFR [36] , which has been shown to induce NF-kB. Thus, transactivation of EGFR by C5aR, may provide an additional route of NF-kB signal transduction in endothelial cells.
To evaluate protein changes for caspase 8 and cFLIP, we collected cell lysates after 18 h of C5a stimulation with or without CHX. The antibody utilized in Figure 4A and B recognized the full length of cFLIP, thus a loss of protein expression would indicate C5a directly or indirectly targeted cFLIP activation. We found C5a moderately reduced cFLIP protein levels after 18 h. Similarly, HUVEC stimulated with C5a in the presence of CHX showed a greater loss of cytosolic full length cFLIP ( Figure 4B ). Although cFLIP is known to be CHX sensitive, our controls demonstrated that at CHX concentrations ≥ 10µg/ml the levels of cFLIP remain unchanged (Fig 4A) .
To examine the changes in cytosolic caspase 8 protein expression we used an antibody that recognizes the inactive and active form of the proteins (Fig. 4C and D) . The data suggest that stimulation with C5a alone induces moderate increases in the active form (p43/41) through the 18 h time point. Changes in the levels of caspase 8 stimulated with C5a/ CHX for 18 h was less obvious. This pattern complemented our AFC fluorometric assay result suggesting that C5a combined with CHX causes a progressive decrease in active and inactive caspase 8. Additionally, we monitored the activation of caspase 8 and cFLIP in the presence of C5a alone. Figure  5 shows the simultaneous activation of caspase 8 and cFLIP over time. Formation of the active fragments of each molecule occurs in a progressively and also corresponds to an increase in full length caspase 8. This activity highlights the importance of cFLIP as an anti-apoptotic molecule in HU-VEC during C5a stimulation.
Interestingly, C5a induces both the activation of apoptotic and anti-apoptotic signaling cascades. Other apoptosis studies involving TNF-a follow this same pattern , where elevated caspase activity, caused anti-apoptotic signaling to be reduced by inhibiting NF-kB [37, 38] . However, inhibiting the synthesis of new anti-apoptotic proteins such as A20, cIAP2, and TRAF1, by CHX may precede influences on gene expression. We have previously shown in experimental sepsis that C5a induces apoptosis of thymocytes [39] and adrenal medullary cells [40] . C5a also induces dysfunction of cardiomyocytes [41] , signaling paralysis in blood neutrophils [42] . Although we have not examined the status of endothelial cell apoptosis, we have previously shown that C5a reacting with endothelial cells will induce upregulation of genes related to cell adhesion molecules and cytokines/chemokines [27] , which would collectively be expected to convert the endothelial cell to a proinflammatory state. In addition, we found that several proapoptotic and anti-inflammatory genes were also upregulated. In the setting of sepsis, evidence for endothelial and epithelial cell apoptosis has been reported [43] . We have shown that C5a blockade can improve burn-induced cardiac dysfunction [44] and it is possible that C5a blockade can prevent endothelial cell death during sepsis.
Collectively, this study suggests that HUVEC stimulated with C5a alone may initiate apoptotic and anti-apoptotic proteins. Previous studies have suggested that de novo synthesis of anti-apoptotic proteins is essential for endothelial cell survival when exposed to pro-apoptotic molecules [45, 46, 47] . Our results suggest that C5a stimulation may initiate similar events.
